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decisions are taken considering variables of the firm which are available in the system and
others that are forecasted by the system. The proposed application simulates a team work in
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Introduction
Decision making in the financial environment demands processing a large number of
variables and evaluates lots of data using expert knowledge in a short period of time. These
features represent an ideal task to be performed by a computer;  since it can manage a large
amount of data very rapidly and can consider a large number of variables in different
scenarios in a very short period of time. All these factors lead us to an intelligent hybrid
system. We present a Hybrid Intelligent System (HIS) in the domain of corporate finance
and we concentrate in the module that integrates an Expert System(ES) and a Case-Based
Reasoner(CBRer) working together as a team to manage Working Capital(WC) decisions
and forecast cash flows.
Working Capital management involves decisions concerning current accounts affecting the
short term management of the firm. These decisions are taken at strategic levels (e.g., target
inventory turnover) and at operational levels (e.g., how to invest the excess cash). WC
management decisions reflect a choice among different options on how to arrange the cash
flow. Better management is attained when one estimates the consequences of an action
more precisely. An efficient cash flow forecasting is the only way to achieve this.
Hybrid Systems combine one or more Artificial Intelligence (AI) techniques. The main
purpose of the Hybrid Systems is to overcome the drawbacks present in some techniques
when they are applied separately and take advantage over their strengths.
Striving to figure what the best combination of tools will better perform some tasks, we
present a team work with the integration of two AI techniques. Expert Systems and Case-
Based Reasoning are integrated to perform a major task and they are being used to meet
their best potentials. The team work is managed by an Expert System that is both an
interpreter and a problem solver. The expert system manages the user interface, the
interface with the Case-Based Reasoner and the domain of its knowledge-base is the
Working Capital Management environment. The CBRer forecasts cash flows. This is an
important step among Artificial Intelligence applications:  different tools are organized as
informal groups to perform tasks appropriately. We demonstrate the relevance of the
application with an example.
Domain of Application
The application domain is a firm and its financial environment.
Financial Management embodies a great number of issues that have to be resolved in order
to maintain business activity. Daily liquidity must be ensured to avoid unexpected costs.
This is implemented by monitoring the funds that remain in current assets and liabilities.
This monitoring is part of managing working capital. Working Capital management
involves decisions concerning current accounts affecting the short term management of the
firm. These decisions are taken at strategic levels (e.g., target inventory turnover) and at
operational levels (e.g., how to invest the excess cash).
When facing high levels of inflation or interest rates, WC management can decide the
feasibility of a business. Avoidance of idle money would be the first and obvious result of a
good WC management. A firm purchasing on credit and selling only in cash can operate
without its own money. Then WC becomes a source of funds. On the other hand, if an
industry takes long time to manufacture its goods, WC may only garner funds
compromising the firm’s short term liquidity or long term investments.
Hence, improving WC management boosts the firm’s value and any firm can reach this
goal simply by using a computational system that embodies financial information and
expert knowledge to manage WC.
Working Capital management decisions reflect a choice among different options on how to
arrange the cash flow. The decision establishes an actual event in the cash flow and that
means that one needs to envision the consequences of such a decision. Some decisions may
cause losses or insolvency. Others simply help make more money than others. Forecasting
accurate cash flows can avoid losses caused by usually unpredictable events. Better
management is attained when one estimates the consequences of an action more precisely.
The best cash flow forecasting is the only way to achieve this.
The use of human experts plays an important role in cash flow forecasting ([6], [13], [20]);
mainly in terms of enhancing mathematical models and aggregating human feelings about
the future. All human feelings about the future are grounded in past experience. The task of
forecasting cash flows when performed by a human being works adequately under similar
and sequential contexts. The expert aggregates information as a possible recession and
becomes subjectively pessimistic. After a while, the expert cannot remember if the
pessimistic approach used, for instance, 5 years ago, actually turned out to be effective, and
if so, how effective.
Artificial Intelligence Tools
Artificial Intelligence(AI) techniques deal with computer programs and algorithms that
simulate human characteristics such as reasoning, knowledge, uncertainty, creativity,
learning, pattern recognition, etc. This is an attempt to improve computer programs
aggregating human abilities because human intelligence seems to be the best source
available. One has to agree that humans are not very good at performing some tasks such as
searching in a database or adding several numbers. Every technique has its limitations and
advantages. The bottomline is then to strive to find out what technique or combination can
better perform each task as far as cost-effectiveness is concerned.
Hybrid Systems combine one or more AI techniques. The main purpose of the Hybrid
Systems is to overcome some drawbacks present in some techniques when they are applied
separately and take advantage of the strengths of each them. Expert Systems, for one, are
very efficient when developed for a very specific domain of knowledge;  neural networks
are excellent tools for classification but lack in justification. Case-Based Reasoning
systems bypass the knowledge acquisition phase.
Striving to figure what the best combination of tools will better perform some tasks, we
present a team work with the integration of two AI techniques. Expert Systems and Case-
Based Reasoning are integrated to perform a major task and they are being used to meet
their best potentials. The team work is managed by an Expert System that is both an
interpreter and a problem solver. The expert system manages the user interface, the
interface with the Case-Based Reasoner and the domain of its knowledge-base is the
Working Capital Management environment. The Case-Based Reasoner forecasts cash
flows. This unit receives information from the firm’s database (or memory) and forecasts
cash flows according to the parameters informed by the Expert System. We present briefly
the basis of these two techniques to better illustrate why they have been chosen in this
context.
CBR parallels the way humans solve problems, whether implemented for diagnosis,
classification, design, planning, machine learning or forecasting. A consequence of
paralleling human beings is that CBR systems are also able to create human justifications;
which are the past experiences. These experiences warn about possible problems based on
what has happened in the past.
The development steps in building a CBR system are described within the five main
CBR problem areas:  knowledge representation, retrieval methods, revise methods, retain
methods and reuse methods. According to Aamodt and Plaza [1], “A set of coherent
solutions to these problems constitutes a CBR method.”
In a case-based system knowledge is represented through a case memory -- the set of cases
that embodies the proposed application. The representation problem is about deciding what
to store in a case, so the construction of this memory starts with the definition of the
features of the cases. The cases of the present application are all cash flow accounts.
Descriptive features include account name and other relevant features that provide a proper
retrieval. One type of feature is the density feature, where the densities of each month
reflect the seasonal factors.
The importance of the features bears on its use when retrieving similar cases. Retrieval
methods represent ways of accomplishing this task.
Retrieval is implemented through a one set of tasks that receives the input problem and
returns the best match.
A matching function returns results showing how library cases are similar to the input
problem. A measure of seasonal similarity is obtained in order to ensure that there are cases
sufficiently similar to the input case. This similarity is observed according to the case past
behavior, described through its density features, which are seasonal factors. This measure
is a score that ranges in the interval [0,1]. A very low score reveals a change in the account
behavior and it may cause the system to not retrieve any case.
When an account has changed its performance to an extent that past cases of the same
account do not reflect a similar behavior then it is time to consider something else. Experts
seek for another account that could provide a fair forecast, otherwise the system is unable
to retrieve any case.
The results of the search throughout memory consist of another group of prospective cases.
Cases sharing same account and fuzzy labels are then gathered and undergo a fuzzy
synthetic evaluation. The results of the synthetic evaluation are sorted and the best match is
chosen.
Using the best match returned by the retrieval function requires an adaptation phase
when differences from the input problem have to be considered.
Revise phase is when the solution is evaluated. According to [1] , it is an opportunity to
learn from failures. The revise phase is implemented in present example in conjunction
with updating as long as the actual forecasts are known by the system when they occur.
The learning capability of CBR system is presented here through an automatic
updating implemented by a function that links the Database to the CBFU. This device
updates the cases by informing actual values.
In the forecasting application, there is a strong motive to choose CBR paradigm and
it is because it fits perfectly. Forecasting is not only by definition but by all its means, a
task that uses experience to be solved. Sometimes the connection between past and future
is not easily recognizable and only another similar event can represent such knowledge.
The CBR approach overcomes humans’ shortcomings in forecasting cash flows. The
paradigm provides systems that hold robust databases. Case-Based Reasoning is the
technique that provides more advantages in compliance with our needs to forecast cash
flows. It is the only technique able to include past experiences directly in the reasoning
process without any training or representation phase.
Forecasting with a CBR system represents a new approach to deal with forecasts as
it does not try to predict assuming a continuity of behavior, but simply the possible
repetition of patterns.
An expert system withholds a specific domain knowledge which is properly represented
and is used for the purpose for which the system was built. An expert system consists of six
parts that represent steps to be developed and resolved:  knowledge acquisition, knowledge
representation, inference engine, interface, machine learning and justification.
The importance of the expert system described consists in the way it is integrated in the
application. It is used as a device to conduct the system and manage another tool, the case-
based reasoner. Expert System is the best technique to manage the relationships among the
several modules of the system. The expert system simulate a human manager within a
narrow autonomy.
The knowledge-base in the system can be described in three branches:  managing the case-
based reasoner, interface and managing the financial decision-making.
The integration
We present an Expert System that works as a manager and uses a Case-Based Reasoner as
a technical assistant. The Expert System has the relevant information about the firm and it
is updated on-line. The CBR receives a command and has to perform a task, this unit is
also updated on-line. This is an important step among Artificial Intelligence applications:
different tools are organized as informal groups to perform tasks appropriately.
The module that integrates the Expert System and the Case-Based Reasoner is part of a
major architecture, shown in Figure 1.
The Intelligent Hybrid System consists of units performing different functions. The units of
the Intelligent Hybrid System are:  Firm, the unit that embodies every function of the
company, this unit receives every operation performs the proper accounting entry and sends
all the information to the memory;  Case-Based Forecasting Unit, which performs the cash
flow forecasting according to the parameters sent by the ES;  Database(memory), it keeps
the operations and feeds both the CBR and the ES with all actual values;  Interface, there is
the interface to input operations and the interface of decision support;  Expert System, the
expert system unit is the one that manages the IHS’s interface and internal tasks. Hence,
this system embodies all information and accounting procedures necessary to create the
financial environment in order to manage Working Capital. The object oriented
architecture is introduced in [26] and the Case-based Reasoner is presented in [27].
The ES manages the financial department as in an actual company. One of the purposes of
this unit is managing communications among the department and the user through the
interface. Also, it converses with the user about the actual market situation and provides
decision making. In order to perform the decision making, the ES searches for information
within the whole system and places orders to the CBR.
The knowledge is mainly represented by rules in a forward chaining engine. The ES has a
daily goal concerned to take an operational decision about cash. This decision is about cash
management. Every company manages cash movements every day. Depending on the
previous balance and the amount of disbursements on a specific day, the company has to
either invest excess cash or look for a source of funds. This decision is taken considering
some variables; some of them found in the cash flow forecast. Ordering a cash flow
forecast to the CBR is also a knowledge-based task. The ES has to inform the CBR about
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Figure 1. Working Capital Management Decision Support System
policies of the firm concerning target production and purchase plans. Other variables come
from the user, the ES has to know how to ask for such information and how to interpret
them. The ES is fed everyday with the actual operations that are taking place at the
company. These information provide the ES with the complementing required knowledge.
The CBRer performs cash flow forecasting. The memory unit feeds the CBR with all actual
accounts that have taken place in the firm. The CBR uses past data to infer for the future.
The period to be forecasted is determined by the ES.
The CBR forecasts each account of the cash flow except for the actual values. The
procedure is identifying the input problem, which is a cash flow account. The CBR
searches throughout the database for the most similar cases. A best match is chosen. The
solution of the best match is adapted. The loop starts again for another account.
The knowledge in the CBR is embodied in the memory of cases. Each cash flow account
that has occurred becomes a case. The case is described through descriptive features that
assign all the information about this account. The memory of cases is updated everyday by
the database unit. The other knowledge present in this system is the one used to build the
similarity metrics. Each case in the memory is evaluated in comparison with the input case.
The evaluation of this similarity is performed by a similarity metrics. This function
contains knowledge about what is really important in the comparison between the accounts.
The flexibility of the integration between accounting and decision modules is important
when the aim is building an intelligent system capable to deal with WC management tasks.
This object oriented analysis accomplishes this integration[26].
Example
At the beginning of a regular day, the database has filed all disbursements of the day.
Starting with the balance of all the bank accounts the expert system builds the cash
movement for the day. The final balance of the present day is either positive and negative.
There is a chain of rules evaluating both possibilities.
Let the final balance be positive, $ 2,400.00. The ES asks the user what type of investments
the market offers today. Filling the proper blanks in the interface, the user informs the
system what are the options of investment, what is the time period and what are the
earnings.
inves
tment
r
ate
p
eriod
minimum
amount
A 8
%
3
0 days
2,000
B 2
%
1
5 days
800
C 0
.35
7
days
350
Table 1 - marketable securities options.
The ES still needs more information. It has to order a cash flow forecast for 30 days to
envision what would be the consequences of choosing every option. The expert system
starts evaluating the investment A, because it involves a larger period of time. The cash
flow forecasts a balance ranging from $ 900 to 2900 for the next 30 days. The investment
A is excluded, investment B becomes the suggestion of the ES to the user:  invest $ 800 in
investment B. As soon as the user confirms the option, the proper entries are performed.
The process starts over the next day.
Conclusions
Operations Research provide a large range of techniques that may be used in order to
choose the best investment. However, these techniques most of the times are not used
because the investment options create so many constraints that can be rejected even before
they are modeled.
The proper allocation of tasks like the one presented here is a good example of how AI
techniques should be exploited to solve real world problems.
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